Introduction {#sec1-1}
============

The technology of the multifocal intraocular lenses (IOLs) is advancing as the objectives of the cataract surgery are becoming more embracing. Nowadays, patients have more expectations about their vision and frequently desire the spectacle independence after cataract surgery. In addition, they do not expect any complication or unsatisfactory result.\[[@ref1][@ref2][@ref3]\]

In this context, the multifocal IOLs were developed to enhance outcomes of cataract surgery improving near vision by dividing light in different focuses, which changes the vision physiology because of the light dispersion that happens when it enters into the eye.\[[@ref1][@ref2]\] As a result, visual symptoms such as halos, glare, and lower contrast sensitivity may occur.\[[@ref3][@ref4][@ref5]\]

With the objective of getting a more physiological division of light and, in this way, to optimize the spectacle independence and also provide better vision quality and less visual symptoms for the patient, recent researches aim to enhance the optical design of the multifocal IOLs.\[[@ref1][@ref2]\] Although it is still a developing technology, the available multifocal IOLs are often able to restore visual function and allow spectacle independence after the surgery with great levels of patient satisfaction.\[[@ref1][@ref2][@ref3][@ref6]\]

The careful selection of the patient, the knowledge about the IOLs' design, and their visual performance added to the proper surgical technique and management of possible complications are the key for the success implantation of the multifocal IOLs.\[[@ref1][@ref4][@ref6]\]

Types of Multifocal Intraocular Lenses {#sec1-2}
======================================

The multifocal IOLs refract or diffract, or both, the light from an object simultaneously to the far and near vision and part of this light disperses. Therefore, they are classified as refractive \[[Figure 1](#F1){ref-type="fig"}\], diffractive \[[Figure 2](#F2){ref-type="fig"}\], or combined.\[[@ref1][@ref4]\]

![Schematic design of refractive intraocular lenses showing the different refractive power annular zones](TJO-7-179-g001){#F1}

![Schematic design of diffractive intraocular lenses showing the concentric zones that diffracts light providing focus at different distances](TJO-7-179-g002){#F2}

This division of light to different focuses may occur as result of some combinations: two or more different anterior spherical refractive surfaces, a posterior spherical refractive surface with a multiple anterior aspheric surface, an anterior spherical refractive surface with multiple posterior diffractive structured surfaces, or a biconvex lens with longitudinal aberrations on the anterior surface.\[[@ref1]\]

The refractive models reach multifocality by their different refractive power annular zones and usually provide proper far and intermediate vision; however, sometimes, near vision is not sufficient. They are dependent of pupil dynamics, very sensitive to their centering, may cause halos and glare, and reduce the contrast sensitivity.\[[@ref1][@ref4]\] In addition, some refractive designs include a continuous change in curvature between zones providing functional vision across all distances.\[[@ref6]\]

The diffractive models are composed by diffractive microstructures in concentric zones that get closer to each other as they distance from the center. They generally provide good far and near vision, but the intermediate vision may not be satisfactory in some cases. They are not so dependent of pupil dynamics and more tolerant to their centering, but they usually affect the contrast sensitivity in a greater scale.\[[@ref1][@ref4]\] Although contrast sensitivity in patients with multifocal IOLs is diminished compared with those with monofocal IOLs, it is usually within the normal range of contrast.\[[@ref1]\]

The multifocal IOLs' optics may be rotationally symmetric (all diffractive models and most of the refractive) or rotationally asymmetric (some refractive models). There are also aspheric designs that aim to reduce the spherical aberrations and enhance the contrast sensitivity.\[[@ref1][@ref2][@ref4][@ref7]\]

The summary of the technical features, possible symptoms, and indications of the different multifocal IOL models available are shown in Tables [1](#T1){ref-type="table"}-[4](#T4){ref-type="table"} (Alió JL. Modern Presbyopic IOL\'s: What do they offer, what can we get? Presented in the American Academy of Ophthalmology Congress, 2015) and more detailed in the book "Multifocal IOLs: The Art and the Practice\", written by Alió and Pikkel.\[[@ref4]\]

###### 

Diffractive technology intraocular lenses (I) show the main models available of these intraocular lenses, their figures, and specific technical features as those with clinical studies published or not

  Diffractive technology IOLs (I)   Figure                    Incision size (mm)   Asphericity                             Near add                    Pupil dependence (percentage of light N/F)   Clinical studies
  --------------------------------- ------------------------- -------------------- --------------------------------------- --------------------------- -------------------------------------------- -------------------
  AT-LISA Bi/Tri (ZEISS)            ![](TJO-7-179-g003.jpg)   1.8                  Neutral                                 +3.75/trifocal/+1.75        Dependent (35/65) Tri 50-20-30               Published
  Fine Vision (PhysIOL)             ![](TJO-7-179-g004.jpg)   1.8                  Neutral                                 +3.5/trifocal/+1.75         Dependent (35/17/48)                         Published
  ReStor (ALCON)                    ![](TJO-7-179-g005.jpg)   2.2                  −0.1-−0.2                               +4/+3/+2.5                  Dependent (50/50)                            Published
  Seelens MF (HANITA)               ![](TJO-7-179-g006.jpg)   1.8                  Neutral                                 +3                          Dependent (65/35)                            Published
  Tecnis MF (AMO)                   ![](TJO-7-179-g007.jpg)   2.2                  −0.27                                   +4/+3.25/+2.75              Independent (50/50)                          Published
  Tecnis Symfony (AMO)              ![](TJO-7-179-g008.jpg)   2.2                  −0.27 Chromatic aberration correction   +3 Echellete expanded DOF   Independent Expanded DOF                     Published
  PanOptix (ALCON)                  ![](TJO-7-179-g009.jpg)   2.2                  −0.1                                    +3.25/trifocal/+2.17        Independent (44/22/22)                       Not yet published

IOLs = Intraocular lenses, DOF = Depth of focus, N/F = Near/Far

###### 

Diffractive technology intraocular lenses (II) show the main indications and possible symptoms of these intraocular lenses already published

  Diffractive technology IOLs (II)   Intraocular optical quality   Contrast sensitivity   Worst outcome                                        Night vision        Better candidate
  ---------------------------------- ----------------------------- ---------------------- ---------------------------------------------------- ------------------- ---------------------------------------------------------
  AT-LISA Bi/Tri (ZEISS)             +++                           Decreased              Intermediate vision/trifocal in study                Halos, glare        Universal (trifocal)
  Fine Vision (PhysIOL)              +++                           Decreased +/−          In study                                             Halos, glare        Universal
  ReStor (ALCON) +2.5/+3/+4          ++++                          Decreased              Near vision limited in low add. Intermediate in +4   Halos, glare        Costumized according to patients. Good pupil reactivity
  Seelens MF (HANITA)                ++++                          Decreased              Intermediate                                         Halos, glare        Bifocal
  Tecnis MF (AMO) +2.75/+3.25/+4     +++                           Decreased              Near vision limited in low add. Intermediate in+4    Halos+++            Bifocal, pupil independent
  Tecnis Symfony (AMO)               +++                           Decreased              Near vision                                          Halos−, glare−      Universal
  PanOptix (ALCON)                   +++                           +/−                    Not yet published                                    Not yet published   Not yet published

IOLs = Intraocular lenses

###### 

Refractive technology intraocular lenses (I) show the main models available of these intraocular lenses, their figures, and specific technical features as those with clinical studies published or not

  Refractive technology IOLs (I)   Figure                    Incision size (mm)   Asphericity   Near add            Pupil dependence (percentage of light N/F)   Clinical studies
  -------------------------------- ------------------------- -------------------- ------------- ------------------- -------------------------------------------- ------------------
  Mplus (Oculentis)                ![](TJO-7-179-g010.jpg)   2                    Neutral       +3/+1'5             Independent between 2 and 6 mm (80/20)       Published
  Mplus X (Oculentis)              ![](TJO-7-179-g011.jpg)   2                    Neutral       +3 plus Varifocal   Same                                         Not available
  Rayner M-flex                    ![](TJO-7-179-g012.jpg)   2.75                 Neutral       +4/+3               Pupil dependent                              Published

IOLs = Intraocular lenses, N/F = Near/Far

###### 

Refractive technology intraocular lenses (II) show the main indications and possible symptoms of these intraocular lenses already published

  Refractive technology IOLs (II)   Intraocular optical quality   Contrast sensitivity   Worst outcome         Night vision        Better candidates
  --------------------------------- ----------------------------- ---------------------- --------------------- ------------------- --------------------------------
  Mplus (Oculentis) +3              +++ (plate haptic)            Not affected           All distances good    Sectorial halo      Not in extreme pupils
  Mplus X (Oculentis)               +++ (plate haptic)            Not affected           Near vision           Sectorial halo+/−   Intermediate/functional vision
  Rayner M-flex                     NR                            Decreased              All distances good?   Glare, halos        Bifocal

IOLs = Intraocular lenses, NR = Not reported

Outcomes {#sec1-3}
========

The patient\'s satisfaction depends on careful and individualized selection based on the preexisting conditions, visual needs, and realistic expectations, and on the knowledge of the different optical designs and visual performances of the multifocal IOLs, and the proper surgical technique and eventual complications management.\[[@ref1][@ref4]\]

A recent meta-analysis of peer-reviewed publications revealed evidence of high levels of patient\'s satisfaction in general. The spectacle independence was 80% or more in 91.6% for distance vision, 100% for intermediate vision, and 70% for near vision in the different groups studied. The binocular uncorrected vision of 0.30 logMAR was achieved in 100% for distance visual acuity, 96% for intermediate visual acuity, and 97.3% for near visual acuity of the patients included in the study.\[[@ref1][@ref6]\]

The trifocal models are better for those patients who require a good intermediate vision. A study carried out by our group comparing the trifocal AT LISA tri 839MP (Carl Zeiss Meditec) and Fine Vision (PhysIOL). IOLs showed better visual acuities in intermediate vision with AT LISA tri 839MP.\[[@ref8]\] The same study also compared the visual outcomes of the monofocal Acri. Smart 48S (Carl Zeiss Meditec) and the bifocal AcrySoft ReSTOR SN6AD1 (Alcon) IOLs. Considering distance vision, the monofocal Acri. Smart 48S (Carl Zeiss Meditec) and the trifocal AT LISA tri 839MP (Carl Zeiss Meditec) IOLs achieved better outcomes. Regarding the near-vision outcomes, there were no statistically significant differences among the multifocal IOLs analyzed.\[[@ref8]\]

In contrast, previous review studies\[[@ref9]\] and a recent prospective randomized controlled trial of 4 multifocal IOLs (Acrysof Restor SN6AD3 apodized multifocal, AT LISA 366D diffractive multifocal, Tecnis ZMA00 diffractive multifocal, and Rezoom refractive multifocal)\[[@ref10]\] found no differences in the uncorrected distance visual acuity between the diffractive and refractive IOLs analyzed although concerning the uncorrected near visual acuity, the diffractive group had a better performance.\[[@ref6][@ref9][@ref10]\]

In fact, there are new and more sophisticated multifocal IOLs, including the expanded depth of focus class that creates one elongated focal point. This emerging technology uses new methods to enhance the range of vision without splitting light rays aiming to improve patient expectations across all distances, and these lenses may be related to low incidence of photic phenomena, such as halos and glare. However, published evidence does not exist so far about the outcomes of these lenses, and studies are ongoing at this moment to demonstrate the potential advantages and/or the limitations of these new models based on their clinical performance.\[[@ref6]\]

Complications and Treatment {#sec1-4}
===========================

The main reasons for patient dissatisfaction following a multifocal intraocular lens implantation are residual ametropia, posterior capsule opacification (PCO), dry eye, IOL decentration, inadequate pupil size, and wavefront abnormalities.\[[@ref1][@ref6]\]

Residual ametropia is one of the most common reasons of patient dissatisfaction after multifocal IOL implantation as the multifocal IOLs are more sensitive to residual refractive error. It may occur as result of inaccuracies in the biometric analysis, inadequate selection of the IOL power, limitations of the calculation formulas, or errors in the IOL position. The management with myopic and hyperopic laser *in situ* keratomileusis or photorefractive keratectomy enhancements after cataract surgery is shown to be efficient, predictable, and safe. When the excimer laser is not available, the option is the IOL exchange or piggyback lens implantation.\[[@ref1][@ref4]\]

PCO is very common and usually results in blurred vision and/or photopic phenomena in patients after long-term multifocal IOL implantation.\[[@ref4][@ref6]\] The higher rates of PCO were found in patients with hydrogel IOLs, rounded-edged IOLs, IOLs placed in the sulcus, and large capsulorhexis when compared to other materials, sharp posterior optic edge, placed in the capsular bag and small capsulorhexis, respectively.\[[@ref11]\] The better solution for it is the capsulotomy with Nd:YAG laser, which is fast and has low rates of complications.\[[@ref4][@ref6][@ref11]\] However, before the treatment with Nd:YAG laser, the surgeon should be sure that all other possible causes of patient dissatisfaction are treated or discarded as the risks of an IOL exchange are higher with a previous posterior capsulotomy.\[[@ref4][@ref6]\]

Dry eye is a multifactorial disease of the tear film and the ocular surface associated with discomfort, blurred vision, and photopic phenomena. Nevertheless, it is usual in the elderly population and, in addition, cataract surgery may induce or increase it mainly by reducing corneal sensitivity through the incision although the postoperative treatment may also play a role in that. The guidelines to treat dry eye include starting with eyelid hygiene and the use of artificial drops. Other options for more severe cases are the use of cyclosporine, punctual plugs implantation (especially in those with aqueous deficiency and no inflammation associated), and platelet-rich plasma drops.\[[@ref4][@ref6][@ref12]\]

Inadequate pupil size affects the visual acuity after multifocal IOL implantation because the pupil size determines the multifocal IOLs zones used. Patients with very small postoperative pupils and complaining about poor near vision should be treated with the use of cyclopentolate drops or a 360° argon iridoplasty (0.5 s, 500 mW, and 500 micra). On the other hand, patients with very large postoperative pupils and complaints about increased photopic phenomena should be treated with brimonidine tartrate 0.2% drops.\[[@ref1][@ref4]\]

IOL decentration may affect visual function depending on the degree of decentration, the IOL design, and the pupil size. A study comparing the performance of two diffractive and two refractive multifocal IOLs with different levels of decentration in an eye model with a 3 mm pupil found that for the total diffractive structured ZM900, both far and near modulation transfer function (MTF) were affected starting at decentrations of 0.75 mm. MTF is an objective metric of contrast sensitivity representing the loss of contrast produced by the optics of the eye. MTF is therefore the ability of a lens system to display the ratio of image contrast to object contrast for ocular optics as a function of the spatial frequency of a sinusoidal grating.\[[@ref13][@ref14]\] For the diffractive, but with a monofocal peripheral part ReSTOR (+4) IOL, the near MTF decreases as the decentration degree increases while the far MTF tends to improve. For the refractive IOLs studied (ReZoom and SFX-MV1), the far MTF deteriorates starting at decentrations of 0.75 and 1 mm, respectively, with no changes in near MTF even in 1 mm decentrations.\[[@ref15]\] The treatment with Argon laser iridoplasty avoids IOL explantation in the majority of the cases.\[[@ref1][@ref6]\] When necessary, the multifocal IOL explantation should be performed in the first 6 months after the surgery because of the scarring tissue that makes the surgery more difficult and so with higher complication risk. Another important factor to consider in the multifocal IOL explantation procedure is the presence of the capsular tension ring that makes the surgery easier.\[[@ref16]\]

Conclusions {#sec1-5}
===========

Multifocal IOLs are good options to correct pseudophakic presbyopia as they achieve spectacle independence in the majority of the cases with high levels of patient satisfaction. The visual needs of each patient should be carefully analyzed to choose the multifocal model that best fits their lifestyle.\[[@ref1][@ref2][@ref6]\]

To obtain success after surgery, it is crucial to adequately select the patient, include an extensive preoperative evaluation of ocular surface and macula, as well as determine the correct IOL and surgical technique, because the several models have different visual performances. It is also very important to spend some chair time with the patient to explain all factors involved in the outcomes of the surgery and possible complications management.\[[@ref6][@ref8]\]

However, some patients may be dissatisfied and the most common complaints are blurred vision and photopic phenomena, usually due to residual refractive errors, PCO, dry eye, inadequate pupil size, wavefront abnormalities, and IOL decentration. Thus, most of these complications if managed properly may not affect the visual outcomes and the patient\'s satisfaction and quality of life.\[[@ref1][@ref6]\]
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